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AbstrAct
Introduction As smartphones are widely distributed 
nowadays, mental health apps seem to be a promising 
treatment tool. First self-help apps for eating disorders 
have been developed recently. However, studies assessing 
the efficacy of such apps are scarce. A smartphone app 
could prevent further weight reduction and increase 
commitment during waiting time for outpatient treatment, 
especially for adolescents with anorexia nervosa (AN). In 
this study protocol, a randomised controlled trial to assess 
the efficacy of a smartphone-enhanced low-threshold 
intervention for AN during waiting time is described.
Methods and analysis 30 adolescents with AN aged 
12–19 years will be recruited at three child and adolescent 
psychiatry centres in Germany. All participants will be 
randomised to consultations only or consultations and 
the use of the Jourvie Research app. The app will be 
installed either on their own smartphone or on a research 
device. The participants will receive biweekly to monthly 
consultations for 3 months to review meal plans and 
weight management with a clinician. In addition, the 
Jourvie Research app for meal, behaviour and emotion 
protocolling will be provided to the intervention group. 
The protocols will be discussed with a clinician during 
the consultations. Dialectical behaviour therapy-informed 
skills for tension regulation to increase compliance with 
the meal plan will be taught in the intervention group and 
the app will remind the participant of a skill in a moment 
of need. The primary outcome is the age-adjusted and 
height-adjusted weight gain in standard deviation score 
after 3 months.
Ethics and dissemination Results will be disseminated 
at conferences and through peer-reviewed publications. 
The trial was approved by the ethics review board of the 
local medical association, Mainz, Germany, under the 
reference number 837.338.15.
trial registration number German clinical trials register, 
reference number DRKS00008946.
IntroductIon
Anorexia nervosa (AN) is a severe eating 
disorder associated with a high impact on 
quality of life, significant health risks and 
one of the highest mortality rates for mental 
disorders.1 2 Lower body mass indices at 
first admission to mental health services are 
related to poorer treatment outcome and 
higher mortality,3 4 whereas a higher rate of 
weight gain during treatment is a predictor 
for recovery.5 Therefore, weight restoration 
of the patients is the main focus of early treat-
ment stages.
Many evidence-based cognitive treatment 
approaches use self-monitoring to assess disor-
dered eating behaviours in daily life. Self-mon-
itoring is helpful in identifying emotional and 
behavioural factors which prevent weight gain 
and maintain disordered eating behaviour.6 7 
Additionally, self-monitoring eating behaviour 
and mood fluctuations might increase insight 
into the disorder by the patient and concur-
rently lead to a faster weight gain.
With the wide distribution of smartphones 
nowadays, a powerful tool for assessment and 
intervention is available to most of adoles-
cents. So-called mobile health applications 
(mhealth apps) for various mental disorders 
already exist and several have been shown as 
effective, for example, in the treatment of 
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Protocol
strengths and limitations of this study
 ► The SELTIAN trial is the first randomised controlled 
trial to assess the efficacy of a low-threshold 
intervention enhanced with a smartphone app for 
adolescents with anorexia nervosa.
 ► A strength is the combination of face-to-face 
consultations with a smartphone app instead of 
distributing a smartphone app only.
 ► A considerable limitation is that the smartphone 
app relies on user input for presenting an ecological 
momentary intervention rather than on sensor 
data (eg, increased physical activity or heart rate 
measured by wearable sensors).
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depression8 9 or anxiety.10 11 Regarding mhealth apps for 
eating disorders, two recent reviews identified existing 
apps in the most prominent app stores and assessed the 
quality and clinical utility of these apps.12 13 Several apps 
rely mostly on ecological momentary assessment (EMA) 
tools such as meal and emotion protocols, whereas only 
few apps allowed a direct data exchange with a therapist. 
Hence, in most cases, the interpretation of the observed 
behaviour and emotions is solely conducted by the user 
based on the feedback of the app, which might lead to 
underestimation of the severity of problematic behaviour. 
Surprisingly, none of the apps reviewed by Juarascio 
et al12 took advantage of the possibilities of ecological 
momentary interventions (EMI), which refers to deliv-
ering a psychosocial intervention immediately at the 
moment of need based on user input or sensor data. A 
third review analysing technology-based psychological 
interventions for eating disorders found preliminary 
evidence for the efficacy of mobile interventions (mostly 
text-message-based interventions) in the treatment 
of eating disorders.14 With respect to other forms of 
e-therapy for eating disorders (eg, CBT-E informed 
internet interventions), a meta-analysis found small bene-
ficial effects but statistical confidence in the estimates was 
moderate to low.15 The included studies, however focused 
primarily on binge eating disorder and bulimia nervosa 
and its results might not be applicable to e-therapy for 
AN. Recently, an article on the development of one of 
the apps discussed in the mobile app reviews above was 
published, highlighting the good acceptance rates of the 
app as demonstrated in the utilisation behaviour in an 
international sample based on free downloads.16 Eighty-
nine per cent of the users used the app at least once and 
the majority for >30 meal protocols. However, the effi-
cacy of the app compared with other self-help tools was 
not assessed. In conclusion, all reviews identified a lack 
of controlled studies assessing the feasibility, efficacy and 
safety of smartphone apps for eating disorders.
rationale for a dialectical behaviour therapy-informed 
mhealth app for An
Emotion dysregulation is one of the key features for the 
development and maintenance of AN.17 18 There is a 
growing body of evidence that highlights a causal connec-
tion between momentary levels of affect and disordered 
eating behaviour in individuals with AN.19 For instance, 
momentary emotional instability and negative urgency 
(ie, the tendency to immediately terminate states of 
negative affect) were found to be in direct relation to the 
occurrence of restrictive eating and active weight reduc-
tion in a study on adult individuals with AN.20 21 Engel 
et al22 found that adults with AN showed more negative 
affect prior to and more positive affect after restrictive 
eating, which indicates that restrictive eating might be 
used as an emotion regulation strategy. However, moni-
toring mood and behaviour with an EMA approach did 
not substantially increase therapy outcome in a study on 
binge-eating disorder.23 With the technical possibilities of 
smartphones nowadays, modern mhealth apps might be 
used as a monitoring tool and offer specific interventions 
in the moment of need, which could increase the efficacy 
of such an app.
In a recent study on adolescents with AN, higher levels 
of aversive tension were associated with food intake.24 
Aversive tension is defined as an unpleasant state of high 
arousal, generally not associated with a specific emotion 
and with an action tendency towards immediate termi-
nation.25 26 In the treatment of borderline personality 
disorder and non-suicidal self-harm of adults and adoles-
cents, the dialectical behaviour therapy (DBT) approach 
has been shown to effectively reduce states of high aver-
sive tension by teaching distress tolerance skills.27–29 DBT 
is a modern cognitive behavioural psychotherapy focusing 
on increasing emotion regulation capabilities of patients 
to reduce reactivity to distress. In DBT, it is assumed 
that patients with emotion dysregulation are doing their 
best but lack specific skills to effectively regulate their 
emotional states.30 As recommended in the most recent 
DBT skills training manuals,30 31 skills should be taught 
and trained in the therapy session and an individual list of 
helpful skills should be created together with the patient. 
Training in these skills instead of only presenting a list 
of potentially helpful skills to the patient is considered 
to increase the perceived efficacy of the skills. Regarding 
DBT for eating disorders, recent trials have shown 
promising effects in the reduction of disordered eating 
behaviour and body mass index (BMI) increase in individ-
uals with AN.32–34 A German randomised controlled trial 
(RCT) study comparing cognitive behavioural therapy 
and DBT with a control group was able to show that DBT 
was effective in the outpatient treatment of adolescents 
with AN.35 Thus, a DBT-informed skills module might be 
effective in reducing aversive tension during meal times 
and might subsequently increase calorie intake, when 
integrated into a smartphone app. A smartphone app 
could even propose a previously defined skill in the time 
of need, which would be of additional benefit.
Another important concern regarding smartphone 
apps for eating disorders is how such apps should be inte-
grated in existing treatment.12 Currently, several mhealth 
apps are available in the app stores and can be used 
without prior or accompanying consultations. Especially 
in the case of eating disorders, thorough assessment of 
severity and comorbidity is crucial to prevent mortality 
and a chronic course of the disorder, which remains a 
challenge for many emerging mhealth solutions.36 In 
addition, there is evidence that guided technology-based 
psychological interventions for eating disorders, even if 
guidance of an experienced clinician is only applied on 
an email or text message basis, is perceived as supportive 
by most of the users. However, studies comparing guided 
and unguided (self-help) interventions have found 
mixed results regarding efficacy.14 Hence, we defined 
the following specifications for a DBT-informed, smart-
phone-based mhealth intervention for AN to facilitate 
weight restoration, normalisation of food intake and 
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reduction of aversive tension and psychological distress 
during waiting time for outpatient treatment:
1. EMA of mood, meal and behaviour to assess 
momentary emotion dysregulation.
2. DBT-informed EMI module to deliver individual skills 
for reduction of aversive tension.
3. Training of individual EMI skills before presentation 
in the app to increase efficacy and compliance.
4. Guided app use and assessment of the protocols 
together with an experienced clinician to improve 
meal plans and decrease disordered eating.
In this trial, the efficacy of a smartphone app devel-
oped following the above-mentioned specifications will 
be tested in a group of adolescents with AN.
Aims and hypotheses
The aim of this study is to assess the efficacy of a smart-
phone app in combination with psychiatric consultations 
during the waiting time for outpatient psychotherapy for 
AN in comparison with psychiatric consultations only. 
An important factor in achieving a favourable outcome 
in AN is early weight gain.3 4 Hence, any intervention for 
AN during waiting time for outpatient treatment should 
focus on increasing the BMI SD score adjusted for age and 
height (BMI-SDS) of the patients rather than focusing on 
reduction of psychopathology only. Therefore, BMI-SDS 
was chosen as the primary outcome in this study.
We hypothesise that (1) after 3 months the height and 
age-adjusted weight gain of the participants receiving the 
additional smartphone app will be greater when compared 
with the participants receiving psychiatric consulta-
tions only (differences in BMI-SDS pretreatment to 
post-treatment). Moreover, we expect that (2) mean levels 
of daily aversive tension will be reduced significantly from 
baseline to closure in the intervention group compared 
with control group (mean aversive tension as measured in 
the EMA pretreatment and post-treatment). In addition, 
we will assess eating disorder psychopathology, depres-
siveness and general psychological distress at baseline and 
closure, as well as adherence to the protocolling scheme 
(eg, number of protocols recorded, number of sessions) 
and usability of the app as secondary outcomes.
MEthods And AnAlysIs
trial design
This study protocol describes a multicentre, two-arm RCT 
assessing the efficacy of a specific smartphone application 
in addition to supportive psychiatric consultations for 
adolescents with AN waiting for outpatient therapy. After 
informed consent is provided by the participant and her 
legal guardians in case of minority, the participant will be 
randomly assigned to either the smartphone-enhanced 
treatment condition (psychiatric consultations+spe-
cific mhealth app) or the treatment as usual condi-
tion (psychiatric consultations only). Each participant 
will receive a consultation every 2 weeks within the first 
6 weeks after enrolment and further consultations when 
needed at least on a monthly basis throughout partic-
ipation. Participants will be recruited at three different 
outpatient child and adolescent mental health services 
in Berlin, Mainz and Neuwied, Germany. Data will be 
collected at baseline, during the intervention and at the 
end of the intervention.
sample size calculation
To our knowledge, there is no literature on smart-
phone-enhanced psychiatric consultations published. 
In a study on psychotherapy for AN, the waiting control 
group received 30 min psychiatric consultations every 
2 weeks for 3 months with no effect on the BMI.35 In a 
previous study on guided self-help, a medium increase in 
BMI was found after 3 weeks of guided self-help.37 There-
fore, we assume that single psychiatric consultations have 
no effect on the BMI and expect similar effects on the 
BMI in the smartphone-enhanced intervention as in 
guided self-help.
In this study, a repeated measurements analysis of vari-
ance (rmANOVA) assessing a within-between interac-
tion of time and group will be used to test baseline to 
post-treatment BMI-SDS differences. A sample size of 22 
participants is required to detect a medium effect size of 
f=0.25 with a power of at least 80%, an assumed correla-
tion of r=0.70 between measurements and an alpha-error 
level of ∝=0.05. Sample size calculations were conducted 
with G*Power38 and supervised by a biometrician. In 
order to reach at least 22 complete data sets, 30 partici-
pants are planned to be enrolled in the study, which will 
create a reasonable margin for possible dropouts.
recruitment and participants
Recruitment will be conducted at the study centres. Prior 
to the study, general practitioners, paediatricians (child 
and adolescent) psychiatrists and psychotherapists in 
private practice in close distance to the study centres 
will be informed of the study and referral options by a 
personal letter.
Due to ethical reasons, we decided to include partic-
ipants currently waiting for outpatient treatment. In 
Germany, waiting times for outpatient psychotherapy 
are at 12.5 weeks on average.39 Especially patients with 
AN might wait even longer as this disorder is considered 
hard-to-treat and many psychotherapists refuse to treat 
adolescents with AN in an outpatient setting.
Female participants aged 12–19 years who have been 
diagnosed with either full syndrome or atypical AN 
according to ICD-10 at one of the study centres will be 
eligible for participation. Clinical diagnoses will be 
confirmed by conducting the Eating Disorder Examina-
tion (EDE) in the adult or children version, a structured 
interview for the valid and reliable assessment of eating 
disorders.40 41 In addition, amenorrhoea will be assessed to 
meet ICD-10 criteria for AN.42 As males and females differ 
regarding the prevalence43 and psychopathology of AN,44 
only females will be included to prevent gender effects 
on the primary outcome. Patients who receive outpatient 
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Figure 1 Screenshots of the Jourvie Research application as used in the intervention group.
psychotherapy on a regular basis (ie, at least weekly 
50 min sessions with a licensed psychotherapist) will not 
qualify for inclusion. However, preparatory sessions (up 
to five initial sessions with a licensed psychotherapist for 
diagnostic and goal establishing purposes) during partici-
pation will be encouraged to facilitate prompt outpatient 
treatment after completion of the study. Pharmacological 
treatment of comorbid disorders (eg, depression) will be 
permitted during participation. Patients with a comorbid 
personality disorder of the emotionally unstable subtype 
will be excluded, as this condition is related to heightened 
levels of aversive tension,26 which is a secondary outcome 
in this study. Patients with severe suicidal ideation will 
not be eligible for participation as inpatient treatment is 
recommended for safety reasons. Participants who will be 
referred to inpatient treatment for >1 week (ie, mostly due 
to severe somatic complications or inpatient refeeding) 
during participation will be considered as dropouts.
All participants and their legal guardians will be made 
aware of the voluntary nature of the study. Refusing to 
participate will not affect the treatment of the participant 
in any way. Furthermore, both participants and their legal 
guardians in case of minority will be required to consent 
to participation after being provided with extensive infor-
mation on the study by the local study coordinator. All 
participants will be required to install the smartphone 
application on their private smartphone or to agree with 
using a smartphone distributed by the study centre. The 
first participant was recruited in April 2016. Recruitment 
is expected to close in 2018.
randomisation
Following baseline assessment, participants will be 
randomised to either the smartphone-enhanced inter-
vention arm or the treatment-as-usual condition with a 3:2 
allocation rate. Randomisation will be stratified for the 
study centres and the ICD-10 subtypes of AN (restrictive, 
binge-purge, atypical) to prevent possible confounding 
effects by baseline weight and psychopathology differ-
ences of AN subtypes and potential structural differences 
of the study centres (two university medical centres and 
one public child and adolescent psychiatry hospital). 
The randomisation procedure will be conducted on a 
web-based platform using REDCap.45 Allocation tables 
are concealed within REDCap. Randomisation will be 
conducted by the study coordinator at each study centre. 
Due to the nature of the study, neither blinding of the 
counsellors nor the participants can be conducted. With 
an allocation ratio of 3:2 for the intervention group, 18 
participants in the intervention group and 12 participants 
in the control group will be included. However, as rando-
misation is stratified, the final distribution of the groups 
might differ from the 3:2 ratio.
the Jourvie research app
In 2015, Jourvie gUG (Berlin, Germany) released an 
Android and iOS app for self-help and therapy enhance-
ment of patients with eating disorders.46 The freely 
available app provides users with an electronic meal, 
behaviour and emotion protocol function, and the 
opportunity to browse and enter coping strategies. The 
app assesses the ‘when, where, what, with whom’ of any 
meal the user entered, asks if the user was hungry and if 
she felt sated after the meal. Additionally, the intensity 
of several emotions and the urge to or actually engage 
in maladaptive emotion regulation behaviours (eg, 
bingeing, purging, self-harm) is assessed at every data 
entry. Users can specify times for automatic reminders to 
fill in the meal protocol. The data can be shared by email 
with the user’s personal therapist. The growing number 
of users as well as their positive feedback shows the high 
acceptance rate of the original Jourvie app.
For the SELTIAN study, we enhanced the Jourvie app by 
implementing an additional EMI module. In this Jourvie 
Research version for Android smartphones, the EMA 
part consists of the standard meal and emotion protocol 
of the Jourvie app. Furthermore, a visual analogue 
slider was added to assess current aversive tension from 
0 to 100, as the EMI part of the application will be trig-
gered by the intensity of aversive tension at the time data 
are entered. If a value of aversive tension >50 and <70 is 
entered, the app will advise the user to use an individual 
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Figure 2 Study flow chart.
skill for reduction of aversive tension and to facilitate a 
regular eating behaviour. If a value of aversive tension >70 
is entered, the app shows a short instruction for an indi-
vidual skill of the high distress category. The skills will be 
trained in the intervention sessions and a short instruc-
tion on how to apply this particular skill will be uploaded 
automatically onto the smartphone of the participant 
once the counsellor has entered the skill instruction into 
the server database. Figure 1 shows screenshots of the 
Jourvie Research EMA and EMI modules.
Each meal and emotion protocol will be uploaded 
immediately after completion to a server of the Univer-
sity Medical Centre of the Johannes Gutenberg Univer-
sity Mainz, Germany. The counsellors will have online 
access to the individual protocols of their participants at 
any point in time and can print the protocol before the 
consultations to review them with the participants. The 
connection to the server database will be protected by 
SSL encryption. After uploading the data, the local copy 
of the meal and emotion protocol on the smartphone will 
be deleted for data safety reasons.
treatment arms
After randomisation, participants will be enrolled in one 
of two treatment arms. For 3 months, participants will 
receive psychiatric sessions by a counsellor with a master’s 
degree in psychology, a medical doctor or equivalent. A 
child and adolescent psychiatrist or a licensed psycholog-
ical psychotherapist experienced with DBT will super-
vise the counsellors. Ideally, each patient will receive all 
sessions from the same counsellor. All counsellors will 
receive a thorough explanation on how to obtain indi-
vidual protocols from the database and how to upload skill 
instructions onto the smartphones of the participants.
Figure 2 shows the study flow diagram and gives an 
overview of the treatment arms. In each treatment 
arm, three standardised sessions will be held in the first 
6 weeks of the intervention. Each session should last 
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50 min, depending on the needs of the participant and 
her parents. After the initial 6-week phase, participants 
will receive follow-up sessions on at least a monthly basis, 
depending on the severity of the disorder and the initial 
weight gain in the first 6 weeks. At each session, the partic-
ipant will be weighed in underwear.
Control condition
In the control condition, a meal plan and a target 
weight will be established with the participant during 
the first session. Both the participants and their legal 
guardians should commit themselves to the meal plan 
and the target weight. The target weight should be 
achievable within 3 months with a weekly weight gain 
of 200–500 g in accordance with national guidelines.47 
Special focus will be set on individual factors main-
taining the restrictive eating and low body weight of the 
participant. In the second and third session, the weight 
gain or loss of the participant will be assessed and 
reviewed in the session. The counsellor will guide the 
participant in developing strategies to further continue 
or to achieve weight gain by adapting the meal plan. 
Unlike the smartphone-enhanced treatment condi-
tion, these strategies will focus on a ‘treatment as usual 
approach’ to increase weight rather than on reducing 
aversive tension. Individual topics can be discussed in 
addition. The following sessions will be similar to the 
second session in a frequency depending on the indi-
vidual need of the participant.
Smartphone-enhanced treatment
In the smartphone-enhanced treatment condition, the 
participants will install the Jourvie Research app on 
their private Android smartphone or receive a prepared 
Android smartphone for the duration of the study. In the 
first session, a meal plan and a target weight will be estab-
lished with the participant and their legal guardians if 
applicable, similar as in the control condition. Addition-
ally, the participant will be introduced to the skill instruc-
tion function of the application. ‘Skills’ in this context 
are DBT-informed emotion regulation techniques, which 
aim at reducing aversive tension primarily, as restrictive 
eating is considered a maladaptive emotion regulation 
strategy to reduce aversive tension.18 24 A first skill to 
facilitate regular eating behaviour during meal times will 
be taught and discussed with the participant and finally 
a short description of the skill will be entered into the 
application, if necessary. The skills can be either individ-
ualised (eg, the participant states that listening to her 
favourite song helps her in eating a whole meal) or taken 
from a list of helpful skills given to all counsellors in the 
study. The skills on this list are derived from the emotion 
regulation, mindfulness and stress tolerance chapters of 
the DBT skills manuals for adults and adolescents48 49 and 
grouped into two categories (skills for aversive tension 
of 50–70 and skills for aversive tension >70). The partici-
pant will be advised to fill in the meal and emotion proto-
cols thoroughly until the next session and to make use 
of the skill whenever necessary or recommended by the 
application.
In the second session, the counsellor will evaluate the 
meal and emotion protocol together with the participant 
to identify particular situations in which disordered eating 
or compensatory behaviour occurred. Furthermore, the 
counsellor will focus on the use of the skills taught in the 
last session and modify the ones already known or teach 
new skills in relation to the specific problem behaviour 
which impedes weight gain.
During the third session, the meal and emotion 
protocol will be reviewed again and adjustments to the 
meal plan and/or the individual skills list will be made. 
If time is available, individual topics can be discussed. 
The following sessions will be similar to the third session, 
always starting with a review of the protocol, adjusting the 
individual skills if necessary and allowing time for indi-
vidual topics.
outcome measures
In this study, data will be assessed at several points in time 
during the intervention. Table 1 shows the schedule of 
assessments.
Weight and height measurement
All patients will be weighed in underwear on a calibrated 
scale each time before a session by a trained female 
student assistant or nurse. At inclusion and closure of the 
study, height will also be measured. With these measure-
ments, the BMI at each time point will be calculated as 
a measure of weight gain. As only baseline- BMI and 
closure-BMI will be used as primary outcome measures, 
height will only be assessed at the first and last measure-
ment for practicability reasons. Both in adolescent and 
severely underweight populations, the BMI-SDS is a better 
measurement than the BMI as it accounts for age-specific 
and gender-specific effects on BMI. The BMI-SDS values 
provided by Kromeyer-Hauschild et al50 will be used for 
adolescent participants and the BMI-SDS values of the 
Second National Nutrition Study for participants older 
than 18 years.51
Questionnaire assessment
At both inclusion and closure, several questionnaires will 
be administered and filled in by the participants. All ques-
tionnaires are self-completed electronically in the data 
management software REDCap.45
Eating Disorder Inventory-2
The Eating Disorder Inventory-2 (EDI-2)52 is an instru-
ment to assess eating disorder-specific psychopathology 
with a dimensional approach. The German version showed 
overall acceptable psychometric properties in the general 
population and good properties in an eating disorder 
group (internal consistency from α=0.66 to α =0.94
).53 The convergent validity with other eating disorder 
measurements was good. In this study, the short form 
assessing eight subscales will be used (drive for thinness, 
bulimia, perfectionism, ineffectiveness, interpersonal 
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Table 1 Assessment schedule
Assessment
Eligibility 
screening
Baseline 
assessment
Daily for 
3 months
At each consultation 
for 3 months
3-month 
follow-up
Informed consent X
Eating Disorders Examination X
Clinical and demographical information X
Beck's Depression Inventory-II X X
Eating Disorder Inventory-2 X X
Brief Symptom Inventory-18 X X
Ecological momentary assessment of 
aversive tension and affective state
X X
Body mass index X X X
Meal and emotion protocols X* X*
Usability Experience Questionnaire X*
Adherence questionnaire X
*Will be assessed in the intervention group only.
distrust, body dissatisfaction, interoceptive awareness, 
maturity fear). The EDI-2 will be used as a dimensional 
measure of eating disorder psychopathology in this study.
Beck’s Depression Inventory-II
Beck’s Depression Inventory-II (BDI-II)54 is one of the 
most widely used self-report instruments to assess depres-
sive symptoms. The German version55 showed good 
psychometric properties when applied to adolescents 
(Cronbach’s alpha α =0.94) and is recommended as a 
screening instrument for depression as it discriminates 
sufficiently between patients and healthy control partici-
pants (Cohen’s d=2.32).56 In this study, the BDI-II will be 
used as a dimensional measure of depressiveness.
Brief Symptom Inventory-18
The Brief Symptom Inventory-18 (BSI-18) is a short scale 
assessing an overall severity index of psychological symp-
toms.57 The inventory consists of three six-item scales 
(somatisation, depression, anxiety) of the longer Dero-
gatis Symptom Checklist 90R.58 Factor analysis confirmed 
the three-factor structure. The BSI-18 showed good reli-
ability (Cronbach’s alpha ∝=0.91 for the global symptom 
index) and validity. The global severity index of the 
inventory will be used as a general psychological distress 
measure.
User Experience Questionnaire
The User Experience Questionnaire (UEQ) is a ques-
tionnaire primarily developed for measuring the 
usability of websites.59 With this questionnaire, the user 
experience of a website is assessed on various dimen-
sions on a 7-point bipolar scale (eg, if an application is 
rather attractive than unattractive, more creative than 
dull). The UEQ contains six subscales of different facets 
of user experience. Internal consistencies (Cronbach’s 
α) for the German version of the subscales are between 
α=0.73 and α=0.89 when applied to rate a website. As this 
questionnaire is one of the few reliable and valid instru-
ments to assess user experience, we used the question-
naire to rate a mobile application, in line with a previous 
study.60 However, it is not validated for assessing mobile 
apps and results must be considered carefully. Only 
participants of the intervention group will fill in this 
questionnaire at the 3-month-follow-up.
Adherence questionnaire
At closure, all participants will answer several questions 
regarding their experience of and adherence to the 
treatment, for example, if they used other mobile apps 
for eating disorders during participation, using a 7-point 
Likert-scale. In addition, participants in the treatment 
group will be asked if they found the smartphone appli-
cation to be useful and if they would recommend it to 
other adolescents with AN. Finally, the participants will 
be asked to give written qualitative feedback on the study.
Ecological momentary assessment
At baseline and for the 3-month-follow-up, all participants 
will conduct a 24 hours EMA for the measurement of 
aversive tension and other affective variables. Therefore, 
the Android application movisensXS in its latest version 
(movisens GmbH, Karlsruhe, Germany) will be installed 
on the participants’ smartphones. Within movisensXS, a 
short questionnaire will be prompted every hour. During 
sleep times, patients can turn off their smartphone. Items 
of the EMA can be found in table 2. Two items regarding 
aversive tension and emotion identification will be used, 
as in previous studies on these variables in an EMA on 
adolescents with AN.24 With respect to affective variables, 
a shortened version of the Positive and Negative Affective 
Schedule61 will be used, as in previous studies on affec-
tive states in adults with AN.22 The German translation 
of these items will be in line with Krohne et al.62 The 
EMA data on aversive tension will be used for measuring 
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Table 2 Items of the ecological momentary assessment conducted at pretreatment and post-treatment
# Item Answer format
1 On a scale from 0 to 100, which level of aversive tension are you 
feeling right now?
Visual analogue scale (0–100)
2 Short version of the Positive and Negative Affect Schedule 
(PANAS*)
Multiple choice, visual analogue scale not at all to 
extremely (1–5)
3 On a scale from (0 to 100), how sure are you of what you are feeling 
right now?
Visual analogue scale (0–100)
4 What have you done immediately before answering the 
questionnaire?
Open text
*Derived from the original PANAS Scale61 according to Engel et al,22 containing the following items: nervous, disgusted, distressed, ashamed, 
angry at self, afraid, sad, dissatisfied with self, strong, enthusiastic, proud, attentive, happy, energetic, confident and cheerful.
mean aversive tension throughout the day at baseline and 
closure of the study in both groups.
Jourvie Research assessment (smartphone-enhanced treatment 
group only)
Participants in the smartphone-enhanced treatment 
group will be required to record their meals and emotions 
frequently by using the Jourvie Research app. Per default, 
each participant will be reminded three times during the 
day (at 08:00, 13:00, 19:00) to complete the protocol. 
Participants will be able to adjust the reminders to their 
individual meal times or even turn them off. Additionally, 
individual data entry will be possible at any given time. 
Depending on whether the user will have eaten before, 
the participant will be required to fill in a complete meal 
and emotion protocol or just to record the current level 
of aversive tension. Online supplementary one describes 
the variables recorded with the Jourvie Research app.
session assessment
For each session, the therapist will fill in a short question-
naire in our electronic data management system. The day 
as well as the start and end time of each session will be 
recorded. Additionally, the therapist is required to briefly 
describe the topics of the session. In the smartphone-en-
hanced treatment group, the introduction and deletion 
of skills will be monitored as well. Therefore, the number 
and duration of sessions within each group will be compa-
rable as a potential influencing factor.
dropout assessment
In case of a dropout, the reason for the dropout and the 
weight and height at the time of dropout will be assessed, 
if applicable.
data management and data safety
Study data will be collected and managed using REDCap 
electronic data capture tools hosted at University Medical 
Centre of the Johannes Gutenberg University, Mainz, 
Germany.45 SSL encryption will be used during data 
transfer. Once the transfer is completed, the local copy 
on the smartphone of the participant will be deleted. 
To increase data safety in case of loss or theft of the 
smartphone, the Jourvie Research app will be encrypted 
and secured with a private password only known to the 
participant. Personal data (ie, name and residence) will 
be stored only locally. All data stored on the University 
Medical Centre of the Johannes Gutenberg Univer-
sity Mainz or Movisens servers will be pseudonymised. 
However, participants will be made aware that when 
entering personal data into one of the protocol fields, 
anonymity cannot be guaranteed. The data management 
of this study was approved by the institutional data safety 
boards of the University Medical Centre of the Johannes 
Gutenberg University Mainz and the Charité University 
Medical Centre Berlin, Germany.
statistical analyses
Data will be analysed using SPSS 23.0 software (SPSS, 
Chicago, Illinois, USA). As AN is a disorder which is diffi-
cult to treat, high dropout rates can be expected due to, 
for example, somatic complications and inpatient referral 
(eg, 22% in the ANTOP study63). In addition, as this is a 
trial during waiting time, it is assumed that several partici-
pants will drop out of the treatment when they start regular 
outpatient psychotherapy within the 3 months duration of 
the study. Therefore, the primary outcome will be analysed 
by intention-to-treat with a last-observation-carried-forward 
procedure (ie, all participants who completed baseline, 
randomisation and at least one consultation will be included 
in analysis). The primary outcome is the difference in the 
BMI-SDS prior to and after the treatment phase (90 days). 
A confirmatory rmANOVA will be conducted to compare 
the intervention and control group BMI-SDS differences 
with an alpha error level of 5%. A second rmANOVA will 
be conducted to assess group differences regarding the 
average daily level of aversive tension before and after the 
treatment (secondary outcome). In addition, a thorough 
confounder analysis will be conducted to evaluate group 
differences regarding the number of sessions, comorbidity, 
dropout, inpatient treatment after completion of the study.
Ethics and dissemination
 The study is registered at the German Clinical Trials 
Register under the reference number DRKS00008946. 
Participants or their legal guardians can withdraw from 
the study at any time without providing a reason for 
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withdrawal and without any consequences for ongoing 
or future treatment. For medical safety, participants’ 
weight and psychopathology as well as potential adverse 
events will be closely monitored by a medical supervisor. 
Severe adverse events will be reported to the local ethics 
committee. Participants who continue to wait for treat-
ment after completion of the study will be provided with 
additional sessions until regular treatment is started. The 
head of the Department of Child and Adolescent Psychi-
atry at the University Medical Centre of the Johannes 
Gutenberg University Mainz can terminate the study at 
any time for safety reasons. Parts of an early version of the 
study protocol were presented as a poster at the Eating 
Disorders International Conference 2016, London, UK, 
and at the congress of the German Society for Eating 
Disorders 2016, Essen, Germany.64 Results of this trial will 
be disseminated as publications in peer-reviewed journals 
and presented at conferences.
dIscussIon
In this study protocol, we present the first RCT to assess 
the efficacy of a low-threshold psychological interven-
tion enhanced with a DBT-informed mhealth app on 
smartphones for patients with AN waiting for outpatient 
psychotherapy. Two recent reviews of the literature on 
smartphone apps for eating disorders could not iden-
tify any RCTs testing the outcome of these apps.12 13 Our 
expectations are that using Jourvie Research as a moni-
toring and intervention app in a guided setting will 
increase BMI-SDS and decrease aversive tension of the 
participants significantly during the waiting time for 
treatment. However, we do not expect that a smartphone 
app will render psychotherapy obsolete.
A notable strength of the study is that it allows a direct 
intervention in a naturalistic setting (ie, a skill provided 
exactly when needed). The participant enter valuable 
data for the assessment in the next session, and the thera-
pist can provide the participant with new skills depending 
on feedback from previously tested skills. This might be 
essential for behavioural change, as an earlier study on 
patients with binge-eating disorder using EMA as a treat-
ment tool did not find any effects on behaviour.23 In 
particular, time-congruent recording of aversive tension 
and the presentation of skills may have a beneficial effect 
on adolescents when they use a smartphone in contrast 
to paper and pencil approaches. In addition, electroni-
cally recording meal protocols might reduce stigmatising 
conditions compared with filling in a paper-based protocol 
during lunch in a restaurant. Comparing our trial with 
other EMA studies in the field of eating disorders, the 
possibility to use the participants’ own smartphone for 
data capture and intervention might offer more accurate 
and complete data, especially of adolescents.
A considerable limitation is that Jourvie Research relies 
on user input for triggering EMIs. Taking advantage of 
the sensor data of a smartphone might increase chances 
that the intervention is presented in the moment of need. 
However, the reliability of sensor data (eg, of the smart-
phone itself or wearables such as smartwatches, activity 
trackers) has to be tested before integration. Due to the 
automatic trigger of an intervention, the skill presented 
in Jourvie research might not be applicable in the given 
situation for the participant (eg, a skill using ice cubes 
might not be applicable during school). We tried to 
minimise these difficulties by offering skills which are in 
general applicable during meals and do not rely on addi-
tional tools (eg, ice cubes, chili peppers).
Another limitation is that the number of psychiatric 
consultations with a clinician is allowed to vary between 
the participants. Adolescents with AN require different 
amounts of care depending on the current physiological 
health, motivation to change and the current BMI. A flex-
ible consultation schedule accounts for these needs and 
increases ecological validity of the study. However, this 
degree of freedom might confound the results, if a system-
atic group effect regarding the number of consultations or 
a significant correlation of consultations with the BMI-SDS 
occurs. To minimise a systematic effect, the number of 
consultations is fixed in the first 6 weeks (comparable to a 
training phase) and only based on the individual needs of 
the participant in the remaining time. On a statistical level, 
group differences regarding the number of consultations 
will be assessed and included into the analyses as a covariate 
if systematic group differences occurred. Finally, assessing 
the direct influence of the smartphone application on the 
primary outcome might be difficult, as the intervention and 
control treatments differ on several levels. However, the 
impact of the smartphone application can be estimated by 
assessing whether a high number of completed protocols 
(measuring the use of the app) is correlated with any of the 
outcome measures.
Several ethical concerns need to be discussed when an 
EMI is conducted. First of all, participants can only agree to 
the treatment on a general level, as interventions will be trig-
gered automatically, even if the participant does not explic-
itly wish to receive any intervention in this specific moment. 
However, we assume that by allowing participants to dismiss 
a certain intervention or report the intervention as ‘not 
helpful’, the participant has sufficient control over the inter-
vention. Second, by using smartphones and internet connec-
tions, data safety must be guaranteed as far as possible. To 
maximise the safety of the health data of our participants, 
we rely on encrypted data transfer and data storage on the 
smartphones of the participants. In addition, every data 
entry will be deleted on the participants’ smartphone once 
the data were successfully transferred to the servers of our 
research department. Hence, the risk that health data can 
be read in case of theft of the smartphone and decryption of 
the Jourvie Research app is reduced to a minimum.
Considering adverse effects in mhealth or smartphone 
treatments for eating disorders, several potential risks are 
conceivable: there is a potential risk that monitoring food 
intake might increase restrictive eating when participants 
are confronted with a subjectively too large amount of 
food intake during their day which otherwise would have 
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remained unnoticed. This is of particular concern as any 
meal protocolling app can be used as a weight loss app when 
assessing whether food intake was reduced to the previous 
day. In addition, AN is often associated with perseverance 
and perfectionism.65 Participants with high levels of these 
personality traits might not benefit of a meal protocol app 
as they might focus more rigidly on controlling and proto-
colling their meals and behaviour than on changing their 
behaviour based on the protocols. To minimise this risk, 
the app does not allow reviewing previous meal protocols, 
and calorie content of food intake is not assessed explic-
itly. Furthermore, all participants will review their protocols 
directly with a clinician to increase the motivation to change 
based on their previously protocolled behaviour.
A potential outcome of our study in favour of the interven-
tion with the smartphone app might encourage researchers 
to investigate other interventions enhanced with smart-
phones for eating disorders and other mental disorders. 
Implementing the results of this trial into practice could 
result in better overall outpatient psychotherapy outcomes in 
AN if psychotherapy could focus on the underlying cognitive 
and emotional causes from the start rather than stabilising 
the weight of the patient during the first sessions. However, 
this remains speculative and needs to be evaluated once an 
implementation into practice is made.
In conclusion, the SELTIAN trial offers the opportunity to 
assess the efficacy of a low-threshold intervention enhanced 
with a smartphone app for adolescents with AN. If a positive 
effect of the intervention with the smartphone app on the 
BMI is found, assessing the efficacy of a smartphone app as a 
treatment add-on for outpatient treatment of AN and other 
eating disorders should be considered. Given that AN is a 
disorder which is hard to treat, especially in an outpatient 
setting with only low-frequent face-to-face sessions, it is hard 
to predict if our intervention will directly affect weight gain. 
However, we hope that apart from the primary aim of weight 
restoration, the evaluation of this first trial of a smartphone 
app will provide a basis to further studies on the efficacy, 
usability and safety of smartphone mhealth apps in the treat-
ment of eating disorders.
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